The influences of contamination, using a range of contaminants introduced under postcure and pre-cure curing conditions, on the interlaminar shear strength (ILSS) of a cured structural carbon fibre reinforced epoxy composite have been investigated. A careful comparison between the post-cure and pre-cure conditions subjected to the different type of contaminants (water, seawater, acid, alkali and organic) confirmed a definite reduction in the ILSS properties. The results demonstrate that the control of environmental factors such as water, acids, alkalis, salts and organic solvents can have significant effects on the mechanical performance of laminate composite components during the manufacturing process and usage.
INTRODUCTION
Fibre reinforced epoxy composites are classified as advanced materials, and especially carbon fibre reinforced epoxy laminates are used in a wide variety of applications from aerospace and sports equipment to satellite dishes. These materials have high specific moduli, high specific strength and the possibility of tailoring material characteristics, as compared to traditional materials [I-5] . However, to achieve optimum material properties for the variety of applications, the effects of external environments on the mechanical properties during manufacturing and usage must be understand.
The present work encompasses investigation to establish the internal characteristics associated with contaminants. The results provide clear evidence that the control of contaminants in the laminating facility will be of benefit to the mechanical performance of laminated composite components. It concludes that the mechanical properties can be significantly affected by contaminants.
EXPERIMENTAL
The material selected for this investigation was SE 85 3113IUDC2001460sqm unidirectional carbon fibre reinforced epoxy composite. The contaminants were liquid form solutions of water (distilled), seawater, acid (lO%HCI), alkali (lO%NaOH) and organic solvent (acetone). The short beam shear (SBS) test was carried out on a Lloyd Instruments Tensometers, Model L6000R test machine in accordance with ASTM D2344-84 [6] standard. The test panels consisted of unidirectional laminates of 12 plies, oriented at 0°. The nominal laminate thickness produced after cure was 2.4 mm. The individual specimens were cut from the cured panels. A maximum of ten specimens in each batch were tested in order to acquire data.
RESULTS AND DISCUSSION

Effect ofContaminants on the ILSS under Post-Cure Curing Condition
The dimensions of the SBS specimens were of 20 x lOx 2.4 mm. After conditioning at 100°C x 95 min, the specimens were immersed in distilled water, seawater, lO%HCI, IO%NaOH, and acetone for specific time intervals up to 30 days at room temperature. Once the specimens were taken out of the environmental chambers, the surface liquid was absorbed using a clean dry paper towel, and the specimens were then dried for 24 hours at room temperature before being tested.
The mean values of ILSS are summarised in Table 1 and Fig.1 , respectively. It can be seen that the mean ILSS values had been significantly affected by the different contaminants. Compared to the control test results, the ILSS values were reduced to some extent, depending on the time of immersion in the contaminants. For example, immersion in the IO%HCI, showed an ILSS value of 80.2 MPa for specimens conditioned for one day, but an ILSS value of 61.1 MPa was obtained for the specimens conditioned for 30 days.
The effect of contaminants on the ILSS values were also observed. The results showed that the specimens cured by different contaminants behaved differently, and it was noted that some contaminants had similar effect, for example, water and seawater, acids and alkalis.
In comparison to the control test results, for 30 days immersion time, the ILSS values for specimens in water and seawater were reduced slightly, from 6.3 and 10% of their original values. For lO%HCI and lO%NaOH, the reduction of ILSS values was about 25%. For acetone, the reduction was much more significant, about 80%.
It is considered that the degradation effect of various contaminants may be due to the fact that both the physical and chemical properties within the resin were altered. The contaminants may also weaken the interfacial strength and affect the stress relaxation. Additionally, moisture may also affect the strength through its effect on the residual hydrothermal stresses at the fibre/matrix interface. Although the above assumptions have been made, understanding the mechanisms the effect of contaminants still needs to be improved. This work is important as the post-cure curing condition is often regarded as beneficial for laminates which are widely used in industry and face various hostile environments during their service.
Effect ofContaminants on the ILSS under Pre-Cure Curing Condition
The dimensions of specimens for the SBS test under pre-cure curing condition were the similar to those used in the post-cure condition test. Only selected contaminants of water and seawater were introduced into the lay-up between every pre-preg ply by spraying a total of 1.0% by weight of contaminant per test panel Test results are summarised in Table 2 . It was found that the ILSS values were reduced significantly compared to the control test. The reduction ofILSS values were 65.3% by water, and 71.4% by seawater. These were significantly different to the post-cure contaminant test, in which the water/seawater effect was very small. This indicates that the water/seawater contaminants introduced under pre-cure conditions had a much greater effect on degrading the laminate than under post-cure conditions.
It was envisaged that any form of contaminant would be detrimental to the composite materials during the lay-up procedure. However, it is often difficult to exclude the effect of contaminants during the manufacturing process of composite materials because contaminants can come from many sources, such as the air and operators themselves. To address this problem, many manufactures have invested a large sums of money in creating "clean rooms ", i.e. specific areas that have controlled atmospheres where the composites are laid up. This is probably one of the reasons why the effects of contaminants under pre-cure curing conditions are a much less studied area. In addition, it is also difficult to understand how contaminants affect the mechanical performance of composites under pre-cure condition.
It was considered that the liquid contaminants may affect the structure of the carbon fibre composites by the following ways: (1) increase in the void content; (2) increase in the fibre content; (3) bond inhibited by liquid contaminants. Further evidence indicating the reduction in the bonding properties was seen when the specimens were fully sheared. It was clearly seen that the fibres of contaminated specimens were easily separated from the matrix, while the control specimen had a clean shear along the fibre matrix boundary. Other factors may include the contaminants effect on the chemical composition of the epoxy matrix and interference with the curing cycle of the composite.
CONCLUSIONS
Compared to the control test results, the ILSS values for contaminated samples for both post-cure and pre-cure conditions were all reduced, the amount depending on the time of immersion and type of contaminants. Under the pre-cure conditions, the ILSS values were reduced significantly compared to the control test. In comparison with the post-cure condition, the contaminants in the pre-cure condition, therefore, had a much greater effect in reducting ILSS values. 
